Experimental

Instruments and chemicals
Melting points (m.p.) were determined on a Boetius microheating stage (F. Küstner Nachf., Dresden, Germany) without correction. Electron ionization (EI) mass spectra were measured on a Finnigan MAT 8500 mass spectrometer (Finnigan, Bremen, Germany) at an ionization energy of 70 eV and an ion source temperature of 250ºC.
The negative ion electrospray ionization high resolution (ESI-HR) mass spectra and the tandem mass spectrometric (MS 2 ) data (relative collision energy 40%) were obtained from an Orbitrap Elite mass spectrometer (Thermofisher Scientific, Bremen, Germany) equipped with a hot ESI source (spray voltage 4.0 kV; capillary temperature 275°C, source heater temperature 40°C). Nitrogen was used as sheath gas. The sample solutions were introduced continuously via a 500 μL Hamilton syringe pump with a flow rate of 5 Veratric acid (VEA, purity ≥ 99.0%), vanillic acid (VAA, purity ≥ 97%), isovanillic acid (IVAA, purity ≥ 97%) and protocatechuic acid (PCA, purity ≥ 97%) were purchased from Sigma-Aldrich (Taufkirchen, Germany). The benzoic acids were recrystallized from water with charcoal. Unless otherwise stated, all other chemicals were obtained from commercial suppliers (analytical reagent grade) and were used without further purification. 
Synthesis of the reference substance
Bioassay
Fertilized 'Brown Leghorn' eggs from free-range hens, so-called golden Italians, were received from in-house breed (Kiep, Brunow, Germany). The eggs were first candled and defective eggs were discarded. The weight of the eggs ranged from 59 g to 69 g.
Prior to incubation, the eggs were stored at 10 º C and 90% relative humidity for 24 h with their large ends up. The eggs were incubated horizontally in a commercial incubator at 37.5 º C (± 0.3 º C) and 65% (± 2%) relative humidity and turned every 6 h. At d6, the eggs were candled and infertile eggs were discarded. Using a dentist's drill, a 1-2 mm diameter hole was made in the shell directly over the air cell, without damaging the subjacent shell membrane. Two hours before injection, the eggs were stored in the incubator in an upright position with the large ends up. Then, the blunt end of each egg was cleaned with ethanol (70%, v/v) and 0.1 mL of the test solution was injected vertically into the yolk sac. After sealing the hole with melted paraffin, the eggs were further incubated in a horizontal position and candled daily for viability. On d11 the -4 -bioassay was terminated by placing the eggs in a freezer at -18 º C for 1 h. After thawing to room temperature (RT), the eggshell over the air chamber was prepared off and the inner egg membrane was removed. Then, the chorioallantoic membrane was penetrated with a syringe and the AF (7.7-10.4 mL/egg) was aspirated.
The test solutions for the metabolism studies were freshly prepared by dissolving an equimolar mixture of the substrate and sodium hydrogencarbonate in sterilized water.
Thereafter, the solutions were membrane filtered (Millex ® GP 0.22 µm filter unit for sterilizing filtration; Millipore, Cork, Ireland).
Sample preparation
For the extraction of metabolites, the AF of 10 eggs was combined. 10.0 mL of the pooled AF, after addition of 1.0 mL HCl (37%), were heated under stirring for 1 h in a boiling water bath. The hydrolyzed fluid was adjusted to pH 2 with 1 mol · L -1 NaOH, for 16 h at RT after which a clear solution resulted.
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Gas chromatography
GC analysis was performed using a Thermo trace GC ultra gas chromatograph with a TR-5MS column (Thermo Scientific 
Gas chromatography-mass spectrometry
A gas chromatograph HP 5890 (Agilent Technologies, Waldbronn, Germany) combined with a Finnigan MAT 95 mass spectrometer (Finnigan, Bremen, Germany) was used.
GC separation was performed on a ZB-5 column (Phenomenex Ltd., Aschaffenburg, Germany), 30 m x 0.25 mm internal diameter and 0.25 µm film thickness. From the trimethylsilylated sample 2 µL were injected and from the solution of the silylated reference substances 0.1 µL was injected in the splitless mode at an injector temperature of 280 º C. The carrier gas was H 2 with a flow rate of 2 mL · min -1 . The interface was temperated at 280 º C. Mass spectra were recorded in the electron impact ionization mode at 70 eV and an ion source temperature of 250 º C. 
Liquid chromatography/electrospray ionization-tandem mass spectrometry
The positive ion ESI and the collision-induced dissociation (CID) mass spectra of the natural ornithuric acid derivatives were obtained from a TSQ (triple stage quadrupole)
Quantum Ultra AM (accurate mass) system (Thermo Scientific, Dreieich, Germany) equipped with a hot ESI source (electrospray voltage 3.0 kV, sheath gas: nitrogen;
vaporizer temperature: 100 º C; capillary temperature: 300 º C). The MS system is coupled with a UHPLC (ultra high performance liquid chromatography)-system Accela 1250
(Thermo Fisher Scientific, Germering, Germany), equipped with a Synchronis C18 column (Thermo Scientific, Dreieich, Germany), 50 mm x 2.1 mm internal diameter and 1.7 µm particle size. The mobile phase consisted of 0.2% aqueous formic acid (A) and acetonitrile with 0.2% formic acid (B) run at a constant flow rate of 150 µL · min -1 .
A solvent gradient elution was performed according to the following scheme: 0-30 min, 95% A and 5% B; 30-35 min, 100% B; 35-40 min, 95% A and 5% B. The dried AF extract was dissolved in methanol and 2 µL of this solution were injected. The CID mass spectra were measured with a collision energy of 15 eV (collision gas: argon; collision pressure: 0.2 Pa).
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